Toward bioactive yet antibacterial surfaces.
The fabrication of antibacterial yet biocompatible and bioactive surfaces is a challenge that biological and biomedical community has faced for many years, while no "dream material" has been developed so far. The primary goal of this study was to establish an optimal range of Ag concentration and its state of agglomeration in bioactive nanocomposite TiCaPCON films which would provide a strong bactericidal effect without compromising the material biocompatibility and bioactivity. To obtain samples with different Ag content and redistribution, two different methods were employed: (i) TiCaPCON films deposition by magnetron sputtering of composite TiС0.5-Ca3(РО4)2 target followed by Ag(+) ion implantation and (ii) Ag-doped TiCaPCON films obtained by co-sputtering of composite TiС0.5-Ca3(РО4)2 and Ag targets. In order to reveal the antibacterial role of Ag nanoparticles and Ag(+) ions, both separate and in synergy, part of the samples from the first and second groups was subjected to additional ion etching to remove an Ag rich surface layer heavily populated with Ag nanoparticles. All resultant films were characterized with respect to surface morphology, chemical composition, surface roughness, wettability, and Ag(+) ion release. The antibacterial and antifungal effects of the Ag-doped TiCaPCON films were evaluated against clinically isolated Escherichia coli O78 (E. coli) and Neurospora crassa wt-987 spores. The influence of the surface chemistry on spreading, proliferation, and early stages of MC3T3-E1 osteoblastic cell differentiation was also studied. Our data demonstrated that under optimal conditions in terms of Ag content and agglomeration, the Ag-doped TiCaPCON films are highly efficient against E. coli bacteria and, at the same time, provide good adhesion, spreading, proliferation and differentiation of osteoblastic cells which reflect high level of biocompatibility and bioactivity of the films. The influence of Ag(+) ions and nanoparticles on the MC3T3-E1 osteoblastic cells and E. coli bacteria is also discussed.